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Traumatic brain injury (TBI) remains a complicated and
urgent disease in our modernized cities. It becomes now a
public health disease. We have got more and more patients
in Neurosurgery Intensive Care Unit following motor ve-
hicle accidents and others causes. TBI brings multiple
disorders, from the primary injury to secondary injury. The
body received the disturbances in the brain, in the
hypothalamo-pituitary-adrenocortical (HPA) axis, in the
gastric mucosa, in the immune and neuroendocrine systems.
The mortality of TBI is more than 50 000 deaths / year, the
third of the mortality of all injuries. Cushing ulcer is one of
the severe complications of TBI and its mortality rate is
more than 50%. Many studies have improved the manage-
ment of TBI and the associated complications to give pa-
tients a better outcome. Furthers studies need to be done
based on the similar methodology to clarify the different
steps of the HPA axis and the neuroendocrine change
associated. The aim of the present review is to assess the
clinical and endocrinal features of hypopituitarism and
stress ulcer following TBI.
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Traumatic brain injury is a nondegenerative,noncongenital insult to the brain from an external mechanical force, possibly leading to per-
manent or temporary impairments of cognitive,
physical, and psychosocial functions with an associ-
ated diminished or altered state of consciousness.1 It
is the result of an external mechanical force applied to
the cranium and intracranial contents and can mani-
fest clinically from concussion to coma and death. In-
juries are divided into two subcategories: (1) primary
injury, which occurs at the moment of trauma. It can
presents as focal injuries (eg, skull fractures, intracra-
nial hematomas, lacerations, contusions, penetrating
wounds), or be diffused as diffuse axonal injury and (2)
secondary injury, which occurs immediately after
trauma and produces effects that may continue for a
long time.2 Secondary brain injury is mediated through
the following neurochemical mediators: excitatory
amino acids (EAAs), including glutamate and aspartate,
lactate, and pyruvate; in a slightly more delayed
fashion, adenosine and nitric oxide are elevated sig-
nificantly after TBI.2,3 EAAs can cause cell swelling,
vacuolization, and neuronal death4 and increased free
radicals, which can cause local edema, cerebral
ischemia, spinal cord and brain trauma, hyperemia and
alterations in immunocompetent cells, such as infil-
tration and accumulation of polymorphonuclear
leukocytes. These can accentuate the cerebral edema
and the secretion of cytokines, such as tumor necro-
sis factor, interleukin-1 beta and interleukin-6 into the
plasma and cerebro-spinal fluid (CSF), which can cause
more post-traumatic neurologic damage.5
Epidemiology
The overall incidence of TBI in developed countries
is about 200/100 000 population per year.6 Population-
based studies show that the incidence of TBI is higher
in Europe (ranging from 91/100 000 in Spain to 546/
100 000 in Sweden each year),7 in Southern Australia
(322/100 000),8 lower in South Africa, China (316/100 000)9,10
and in the United States (180 to 250/100 000).10 Annu-
ally 200 000 victims of TBI need hospitalization. The
typical TBI patient is a male group between 15 and 24
years of age.11 In USA, motor vehicle accidents ac-
count for approximately 50% of all TBI. It is the most
common cause of TBI, followed by falls, violence,
sports injuries, and other causes. Alcohol is associ-
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ated with an estimated 50% of all TBI.12 The annual
mortality rate is high in severe TBI and low for moder-
ate TBI.The male to female mortality rate for TBI is
3.4:1. TBI accounts for approximately 40% of all deaths
from acute injuries in the United States. Brain injuries
are among the most likely types of injury to cause
death or permanent disability.11
Each year in the United States, 1.5 million people
sustain TBI, which is 8 times the number of people
diagnosed with breast cancer and 34 times the num-
ber of new cases of HIV/AIDS.12
Hypothalamo-pituitary-adrenocortical (HPA) axis
The pituitary gland contains two anatomical
c o m p o n e n t s .  T h e  a n t e r i o r  p o r t i o n ,  t h e
adenohypophysis, receives its signals through the por-
tal system of blood vessels that arise in the hypothala-
mus and traverse the stalk. The posterior section, the
neurohypophysis, receives its signals through axons
that arise in neural bodies within the hypothalamus
and also traverse down the stalk. A lot of evidence dem-
onstrates that HPA axis is activated following brain in-
jury and sometimes leads to endogenous alterations
in HPA axis. Studies find elevated levels of adrenocor-
ticotropin hormone (ACTH) and cortisol with a sugges-
tion of a relationship between the severity of the head
injury and the magnitude and duration of the adreno-
cortical response.13 After TBI, most cases of hypopitu-
itarism resulting from diseases or insults of the hy-
pothalamus and the stalk present with a failure of the
normal hypothalamic signals to reach the pituitary
gland.14  Major head trauma is usually associated with
a significant loss of consciousness.15 Studies demon-
strate that the endocrine derangements are related to
severity of head trauma for patients with lowest GCS
on admission16 and are associated with the brain CT
findings as expressed by Marshall’s classification. The
higher grade in Marshall’s classification represents the
more severe mechanical compression and/or vascular
compromise that occur in midline structures, such as
the hypothalamus-pituitary complex that leads to en-
docrine abnormalities.17 Animal studies of TBI have
demonstrated that diffuse axonal injury are often found
in the hypothalamic region, a finding consistent with
CT and MRI findings reported in humans seems likely
that such injuries could adversely affect any hormonal
axis associated with the hypothalamus and pituitary
gland. The corticotrophin releasing hormone (CRH) di-
rectly initiated the specific response to TBI, and stimu-
lates pituitary gland to secrete ACTH. Hypopituitarism
refers to the absence or reduction in function of two or
more hormones produced by the pituitary gland or all
ho rmones  a re  a f fec ted ,  and  then  ca l l ed
panhypopituitarism.14 Hypopituitarism can be subclini-
cal and be revealed only by hormones measurements.
The combinations of hormone dysfunctions are diverse.
The clinical onset can be quite acute and dramatic.18
The data vary a lot between groups of study.
Benvenga et al18 find that post head trauma hypopitu-
itarism (PHTH) happens in about 60% of the cases of
head trauma at the age of 11-29 years. The male to
female ratio is 5:1. The type of trauma is diverse. Road
accidents account for half of the cases. PHTH may
become clinically evident at any time after the accident,
and 15% of patients are diagnosed 5 or more years
after the trauma. The gonadotrophin deficiency of
folliculo-stimulating hormone (FSH) and/or luteinizing
hormone (LH) is almost 100%;  ACTH deficiency, 52.8%;
thyrotropin stimulating hormone (TSH) deficiency, 44.3%;
diabetes insipidus, 20%; growing hormone (GH)
deficiency, 23.7%; prolactin releasing hormone (PRL)
deficiency, 3.8%; hyperprolactinemia, 47.7%. In the
studies of the initial cohort of 170 subjects (100%),
gonadotrophin deficiency is 29 (17%), ACTH deficiency
is 11 (6.4%), TSH deficiency is 10 (5.8%), and diabe-
tes insipidus is 3 (1.7%).19
Although post-traumatic cranial diabetes insipidus
is known to be transient in many cases, recovery of
established anterior pituitary hormone deficiency is
thought to be a very rare event. It has been showed
that adult posttraumatic growth hormone deficiency can
be reversible.18 The spontaneous recovery from poste-
rior and anterior pituitary insufficiency observed 6
months after head trauma by Iglesias et al20 was very
partial. Otherwise, the most frequent symptoms, which
appear first, are amenorrhea/infertility in women and
erectile dysfunction in men. Cytowic and Smith21 re-
ported that they found a 13% incidence of amenorrhea
in a group of 84 young women (age, 19 to 35 years)
who had mild to moderate head injury but no perma-
nent neurologic impairment. Asthenia, psychic torpor,
cold intolerance (because of central hypothyroidism),
hypotension (because of central hypocortisolism), and
galactorrhea (because of hyperprolactinemia) may be
variably associated.
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CT and/or MRI failed to reveal any abnormality in 5
of 76 (6.6%) cases.19 Such normality is higher (10 of
11) in the series reported by Cytowic and Smith.22
Clearly, the symptomatology can pass undetected in
a comatose patient with or without skull fractures. Fur-
ther studies need to define local primary injury of the
brain with the complications in the brain function.
However, we believe that it is important to ascertain
whether there is pituitary insufficiency. Hypopituitar-
ism can be an immediate or early complication of head
trauma, and adrenal and/or thyroid insufficiency will
contribute to maintain unconsciousness, and either one
will aggravate the prognosis.
ACTH
Various types of stress or pain perceived in higher
levels of the brain modulate secretion of the hypotha-
lamic neurosecretory hormone, CRH, a 41-amino acid
peptide. CRH stimulates pituitary ACTH secretion. The
second peptide that modulates ACTH secretion is
vasopressin. Vasopression secretion is also stimulated
by stress and acts synergistically with CRH to increase
ACTH secretion in the pituitary portal circulation. ACTH
increases the synthesis and release of all adrenal
steroids, aldosterone, cortisol and adrenal androgens.
It is the principal modulator of cortisol, the most im-
portant glucocorticoid in man. As the cortisol level in
blood increases, release of ACTH is inhibited directly
at the pituitary level. Through this same mechanism,
decreased cortisol levels lead to elevated ACTH levels.22
Tizabi et al23 demonstrated that acute and chronic stress
have different impact on the patient. The responses of
HPA axis during chronic stress are characterized by
normal or slightly elevated plasma ACTH, increased
CRH and vasopressin secretion, decreased pituitary
CRH receptors and hypersensitivity of ACTH and glu-
cocorticoid responses to a novel stress. Acute stress
by either exposure or immobilization has no effect on
pituitary CRH receptors.
Plasma ACTH assays are useful in the differential
diagnosis of pituitary Cushing’s disease, Addison’s
disease, autonomous ACTH producing pituitary tumors
(eg, Nelson’s syndrome), hypopituitarism with ACTH
deficiency and ectopic ACTH syndrome. In patients
with adrenal tumors, ACTH levels are low. High levels
of ACTH are seen in patients with ectopic ACTH
syndrome. Patients with bilateral adrenal hyperplasia
will have ACTH levels inappropriately elevated for their
degree of hypercortisolism, which should suppress
ACTH. However, in most cases the ACTH concentra-
tion will be within the normal range.
ACTH or corticotropin is a 39-amino acid peptide
hormone secreted by the pituitary to regulate the pro-
duction of steroid hormones by the adrenal cortex.
ACTH secretion from the anterior pituitary is controlled
by both a classical negative feedback control mecha-
nism and CNS-stress mediated control system.24 Bio-
logically active ACTH results from enzymatic cleavage
of a large precursor molecule, propiomelanocortin with
265 amino acids. The normal physiological concentra-
tion of ACTH is at 8 h am: 6.4- 49.8 ng/ml and 18 h pm:
9.5- 21.1 ng/ml, and it bioactivity is 4 to 8 minutes.23
Cushing’s ulcer
Traumatic brain injured patient faces physical
stress, emotional stress and biological stress. The first
stress factor in brain injury is the immediate physical
effect of the blow to the head or of the sudden lack of
oxygen. The result is death of some brain cells and a
shock-like response in others causing further edema.
As various functions are lost, stress is applied to other
systems.  Multiple methods applied like intravenous
lines, tracheotomy, Foley catheter in the bladder and
the feeding tubes in stomach cause mechanical irrita-
tion and the use of respirators is another stress for the
body resulting in fluid loss (stress), infections (stress).
Loss of muscular contractions decreases the resis-
tance in the blood vessels and increases the workload
on the heart. Impairment of normal digestive functions
may result in over secretion of stomach acids, caus-
ing ulcers of the stomach (stress ulcers).
Stress ulceration is a gastrointestinal mucosal in-
jury related to critical illness. Carl Rokitansky in 1841
proposed the neurogenic basis of stress ulcer and in
1932 Cushing reported ulcer disease associated with
surgery and trauma. The lesions start from the actions
of the parasympathetic centers of the hypothalamus
with their connections to vagal nuclei in the medulla.
Any lesions occurring along this pathway would inter-
rupt normal inhibitory mechanisms, causing increase
of unopposed parasympathetic stimulation. This brings
to abnormal amounts of acid secretion and, conse-
quently to gastric erosions. Responsible insults include
traumatic injuries, infectious diseases (especially the
basal brain), and tumors with an emphasis on cerebel-
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A variety of stressors can cause a reduction in gas-
tric blood flow with resultant mucosal ischemia. The
severity of mucosal injury has been correlated with the
magnitude of ischemia and intramural acidosis.26 Gas-
tric acidity is the major factor responsible for the rela-
tive sterilization of the upper gastrointestinal tract.27
Several studies have pointed toward a hypersecretion
of gastric acid as source of ulcerations.28 But only af-
ter Helicobacter pylori injures protective mucous layer
of the stomach, allowing damage by stomach acid and
pepsin that an ulcer develops.29 Normal intestinal mo-
tility plays an important role in regulating the composi-
tion of the gut flora, stasis coming from intestinal
obstruction, or small bowel diverticula results in both
increased microbial density and overgrowth by anaero-
bic species.30 Patterns of gastrointestinal colonization
are altered in the critically ill patient. Gram-negative
organisms rarely colonize the oropharynx of healthy
individuals but are found in up to 75% of hospitalized
patients.31 An overproduction of gastric acid is more
likely to occur in patients with intracranial disease, and
acid and pepsin hypersecretion peak at 3 to 5 days
after central nervous system injury. Bleeding may be
more likely to occur during the first 2 weeks of
hospitalization.32
Stress gastritis is the sudden appearance of gas-
tritis (inflammation of the stomach lining) with ulcers
and hemorrhage, which may occur following burns >
25% body surface area, respiratory failure, hypoten-
sion sepsis, coagulopathy, renal and hepatic failure.33, 34
Stress ulcers occur frequently in ICU patients who have
intracranial disease, after major endoscopic evidence
of stress mucosal lesions of the gastrointestinal tract
appears within 24 hours of injury; 17% of these ero-
sions progress to clinically significant bleeding.35
Gastric acid secretion is dependent on the parietal
cell, which is controlled by neurocrine, paracrine, and
endocrine regulation via acetylcholine, histamine, and
gastrin, respectively. Vagal stimulation seems to oc-
cur by direct stimulation of muscarinic receptors on
parietal cell membrane.36 Norton et al showed that in
vitro, direct pressure stimulation of the vagal nuclei
resulted in gastric acid hypersecretion.37 Severe head
injury and GCS score <9 can lead to gastric acid hy-
persecretion and hemorrhage rates exceed 17%.28
Cook et al38 found a strong correlation between the
duration of mechanical ventilation, duration of inten-
sive care stay and incidence of ulceration. Forty pa-
tients with respiratory failure (ie, mechanical ventila-
tion >48 hours) and coagulopathy (ie, platelet count
<50 000 mm3, or an international normalized ratio >1.5
or a partial thromboplastin time >2 times of the control
value) were found to be independent predictors of clini-
cally important bleeding in a heterogeneous popula-
tion of medical/surgical patients. Bleeding is a very
serious complication of ulcers.39 Gastrointestinal hem-
orrhage has been associated with mortality rates of up
to 50%.34,40
Cooke et al38 described the risk of overt bleeding to
be 4.4% and clinically significant bleeding to be 1.5%
and examined the risk factors for gastrointestinal bleed-
ing in patients entering the ICU. The incidence of clini-
cally important gastrointestinal bleeding was only 0.1%
for patients without respiratory failure or coagulopathy.
The accumulation of risk factors seems to increase
the risk of bleeding.41,42 Patients with one or both of
these risk factors have a 3.7% incidence of substan-
tial hemorrhage.38,43 High mortality rates can occur with
gastrointestinal complications and up to one third of
patients can succumb as direct result.41 An autopsy
review of patients dying of CNS diseases revealed an
incidence of hemorrhagic ulcers being 12.5%.44
Conclusion
Since Carl Rokitansky and Harvey Cushing sug-
gest the Cushing’s ulcer theory, deep studies have been
done to clarify the part of this process. With the avail-
able literature, we know that patients with severe brain
injury with GCS<9, higher Marshall computer tomo-
graphic classification, especially mechanical pressure
or insults have 50% of risk to develop hypopituitarism.
The results are an intensive chronic stimulation of the
vagal system leading to gastric mucosa ischemia, hy-
lar lesions. The pathogenesis is not completely under-
stood but it is the results of disequilibrium between
the major destructive factors like acid, pepsin, and bile
and the protective factors like mucosal blood flow, the
mucus bicarbonate layer, epithelial renewal, and pros-
taglandins following brain injury.24 This mucous layer
can be disrupted by ischemic insults to the underlying
mucosa, disturbing the acid-base balance and leading
to direct destruction of gastric mucosa.25
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persecretion of gastric acid and the disturbance of the
gastric mucosa equilibrium in acid-base balance, in
immunologic cells-bacteria balance. The process leads
to increase in intracranial pressure and insult the gas-
tric mucosa, with corrosive action of gastric acid bring-
ing ulcer and hemorrhage. Theses complications make
the patient stay in the ICU longer and increase the
death for stress ulcer complication.
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